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ABSTRACT

Y

A cooperative seismic crustal structure experiment

involving eleven participating institutions was conduc ed off

A

the East Coast of the United States during the summer of 1965.

i

Underwater ‘ nots varying in size from 20 pounds to 10 tons
cf explosive were detonated along four lines; two off the

coast of North Carolina and two off the coast of Virginia.

R

These shots were recorded at = number of land stations, both

fixed and mokile, as well as at anchored buoy stations at sea.

NI

In each area one line was approximately normal to the
continental margin and the other parallel to the margin near
the outer edge of the continental shelf. Shot positions, shot
instants and first arrival times at all participating recording
stations are summarized in the tables of this paper.

Preliminary analyses of the data contributed by all of
the participants for inclusionr in this paper indicate a general
crustal structure varying from 0.5 km of sediment overlying
30.4 km of basement for the southern profiles to 1.6 km of

sediment above 8.3 km low valocity basement overlying about

i1

16.3 km of high velocity kasement in the northern area. The
individual participanis are expected to present more detailed
summaries of their own portions of the data in subsequent

papers.
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INTRODUCTION

«me

For some years past a group of North American

university and research laboratories have carried out a
number of large scale cooperative seismic studies of

crustal structure in Montana, North Carolina, the Gulf of

Maine, and the Lake Superior region. The programs were

coordinated by the Department of Geophysics, University
of Wisconsin, and the Department of Terrestrial Magnetism,

% Carnegie Institution of Washington. The 1965 East Coast

Onshore Offshore Experiment (ECCQE) was planned as one of
this series of crustal structure experiments and as part

of the Transcontinental Geophysical Survey of the United

States Upper Mantle Program. This experiment was coordinated

“

by the Southwest Center for Advanced Studies, formerly the

Graduate Research Center of the Southwest, and a general

description of the experiment was published betore the

experiment began (Hales, 1965). A brief summary of the

experiment was given by Hales et al. (19%6).

Fiagure 1 shows th2 location of the one-ton, five--ton

and ten-ton shots, and of the fixed observing stations.

Four major profiles were shot during the experiment: two

of

e e
L

these were more or less normal to the continental margin




ard two were parallel to the shelf. These will be referred
to as southern .aormal (SN), northern i.ormal (NN}, southern
parallel (SP) and northernr parallel (NP) profiles. 1In
addition three long (up to 90 km) deep sea prcriles were
ohserved at the seaward ends of the northern and scuthern
lines.

During the schooting of the southern profile, the U. S.
Geological Survey carried out a program for the calibration
of the Cumberland Plateau Observ~tory. The shot points
used in the USGS procram are shown in Figure 1 ard listed

in Table 1IV. (The Geological Survey observing stations

T

moved in accordance with their shooting program.) Some of

the shots were recorded by the on-profile ECOOE stations,

and the Geological Survey stations recorded some of the %
shots fired at sea. :
In addition to these shots, the Department of ;

:

Terrestrial Magnetism, Carnegie Institution of Washington, §
fired four shots at Schuyler, Virginia, and four in the %
Chesapeake Bay area. Two of the Schuyler shots were fired %
while the southern profiles were being observed, the other %

two being fired during the northern shooting. .
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PARTICIPATING INSTITUTIONS

The following institutions participated in the field
observations;:

the Crustal Studies Branch, U. S. Geological
Survey; the University of Wisconsin; the Department of

Terrestrial Magnetism, Carnegie Institution of Washington;
the University ot Michigan; Pennsylvania State University;
the University of Tulsa; Boston College; Georgia Institute

of Technology; the Air Force Technical Applications Center;

and the Southwest Center for Advanced Studies (scas).

In addition to the stations specially set up for the

exXperiment, a number of permanent stations recorded the

events. The list which follows is not complete, covering

oaly those organizations which are known o have made

observations and taken part in the analysis program:

Columbia University Geophysical Field Station, Bermuda

U. S. Coast and Geodetic Survey

Lamont Geological Observatorv

Geotechnical Division, Teledyne Industries

THE OBSERVING STATIONS
A list of the observing stations is given in Table I.
In addition to the station identification number and location,

the table gives the time for which each station was occupied.




b

1t should be noted that the Carnegie stations were occupied
as a rule for only cne or two nights of shooting.

3uoy stations were operated at sea by the University
of Wisconsin and the Southwest Center for Advanced Studies.
These staticns are listed in Table II.

The positions of some of the sea stations are known
to the same precision as the land stations. (These are
marked by an asterisk in the table.) For most of the sea
stations the distances from the shots were determined from
the water wave travel time, and thus the positions of the
stations given in Table II are only approximate and may be
in error by up to 3 km. (The distances from the buoys to

the shots are, however, accurate to better than 0.1 km.)

T™HE SHOOTING PROGRAM
All the large shots (one ton or greater) were fired
electrically, and the shot times quoted are those read from
the oscillograph records except as otherwise noted in
Table III.
A number of small shots (100 pounds or less) were
fired as conditions permitted, using burning fuses for

detonation and the water wave arrival at the ship for shot
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instant determination. The small shots were intended "o
e recorded only by the buoy stations, and their times
and locations are not included here. A list is available
from ti e authors for persons desiring this information.

It is desirable that where possible the shots should
be fired at a depth such that the reflection from the surface
is in phase at the bubble pulse frequency. Allowing for
the phase change of 7 at tl..> surface, the condition for

reinforcement is (Arons and Yennie, 1948)

L2 _ ki
V. (334p)/®

where D = depth in feet,
V = velocity of sound in sea water in ft/sec,
W = weight of explosive in lbs,

and K is a constant depending on type of explosive.
For Nitramon WW-EL the factor K is 4.94 (Patterson, personal
communication, 1966). For 2,000-1lb. charges D is found to
be 450 feet, and for 10,000-1b. charges, 605 feet.

The large shots in water of depth less than 600 feet
were fired on the bottom. The first of the la-ge shots in

deep water, 126, was fired at a depth of 500 feet. It was




found that the explosive cans compacted more than had bheen
anticipated with the result that the flotation provided

was not adequate to support the charges. A new suspension

system was improvised, but the materials available limited

the depth at which the shots were floated to 300 feet
for all later shots.

Chase III was fired on July 15 and was recorded by
SCAS on two buoys and one land station and by some of the

University of Michigan stations.

EARLIER WORK

Several geophysical studies of the continental chelf
of the eastern United States have been reported by Ewing
and his collaborators during the past 30 years (Ewing,
Crary and Rutherford, 1937; Ewing, Woollard and Vine, 1939,
1940; Fwing, Worzel, steenland and Press, 1950; Miller,
1957). This work has been reviewed by Drake et al. (1959)
(see this publication for adaitir.nal references). Hersey
et al. (1959) described a number of geophysical studies
of the continental margin between Cape Henry, Virginia,
and Jacksonville, Florida. In 1962 the North American

Seismic Group carried out a study of the continental margin
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off North Carolina. Some of the results were described
A more detailed

in a paper by Shima et al. (1964).

description of this experiment i:, given by Meyer et al

(1966) and an interpretation of the results by Lewis
The observations made by the Department

anc Meyer (1966).
of Terrestrial Magnetism, Carnegie Institution of Washington,

during this experiment have been discussed by Steinhart

(1963) .

Land Obscrvations
In addition to che work li.ted above the Carnegie

A,

]

Institution of Washington, beginning about 1948, eobserved
travel times in Mar-'iand and the neighboring states from
shots fired in the Patuxent River and in the Chesapeake

The general conclusion from the Carnegie studies

il

Bay.
was that the crust in th:s region was between 30 and 35 km

thick (Tuve and Tatel, 1953).
The Wisconsin group carried uut seismic studies on
the Atlantic coastal plain cduring 1952 and 1953. (This

investigation was maindy concerned with the depth to

The ~esults were reported by Woollard

basement.)
Bonini and Woollard (19¢") discussed

{ et al. (1957).
the results for the North Carolina-South Caroliaa plaiun,
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including those of earlier workers. They found that in
general higher pasement seismic velocities corresponded
with magnetic highs. From their contour map of the pre-
Cretaceous basement it follows that the depth to basement
is everywhere less than 0.5 km on the landward portion of
the SN profile.

Shelf observations, nocthern profile area.

Figure 2, modified from Drake et_al. (1959), shows
the previonus stations observec in the Qicinity of the
northern profiles. These consist of a number of short
profiles in the Norfulk area and off Cape Henry and a
section near Cape May. Ewing et al. (1950) give a section
for the Cape May profile from which Figure 3 has been derived.
The authors estimate basement velocities varying between
17,150 ft/sec (5.23 km/sec) and 18,750 ft/sec (5.72 km/sec)
w'*h an average of 18,000 ft/sec (5.49 km/sec). The velocity
ot the semi-consolidated sediments increases seaward to a
value of about 13,700 ft/sec (4.18 km/sec). The Cape Henry
section shows the crystalline rock surface to dip seaward in
similar fashion to the Cape May section. The basement

velocities are similar to those at Cape May. Moore and
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Curray (1963) describe reflection profiles off Norfolk, )
Virginia, and infer that the continental terrace is

depositional in origin. Uchupi and Emery (1957) report

reflection profiles near the Atlantic coastal margin

of the United States. Prograding is general. 1In some cases

reflecting horizons are truncated at the continental slope.

In a few cases there is renewed deposition after truncation.

Shelf observations, southern profile area.

The locations uf the Hersey et al. (1959) profiles
in the region adjacent to the southern profiles are shown
in Figure 4. Hersey et al. show a section roughly parallel
to the coast, a portion of which has been reproduced as
Figure 5. It shows the dominant feature of the structure
on the shelf betwe:n Cape Henry and 30° N to be the Cape
Fear Arch. The Hersey et al. section parallel tc the shore
shows that the ECOOE parallel profile was shot along the
northern flank of this arch.

Deer sea profiles, northern profile area

Drake et al. (1959) and Katz ard kwing (1956) have

presented data for a number of deep sea profiles near the

-

northern ECOOE profiles. Figure 6 taken from Katz and

Ewing (1956) presents a section close to the ECC"E NP line.
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Tr » landward end of the line is from Tatel et al. (1953,
figures 5 and 6) and gives a mantle velocity of 8.05 km/sec
at a depth of 32 km. The shelf portion is interpreted

from the Cape May and Cape Henry sections of Ewing et al.

(1950).

Deep sea profiles, southern profile area.

Hersey et al. have tabulated the results from deep
sea profiles observed in the area south of Cape Hatteras
of which only one profile is close to the ECOOE southern
deep sea profile. A characteristic feature of the deep
sea profiles reporied by Hersey et al. is thal’ a layer
with velocity 7.1 to 7.7 km/sec lies below the layer with
velocity 6.15 to 6.74 which would ordinarily be regarded
as characteristic of the oceanic crust. Furthermore, the
profiles on the slope between the foot of the continental
rise and the deep ocean are distinguished by a considerable
thickness of material with velocity between 3.8 and 4.4 km/sec.

The structure in and around Blake Plateau is clearly
complex, and it is suggested by Hersey et al. that there
is a deep sediment-filled trough roughly parallel to the

coast which may be con* inuous with the easternmost of the
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P

two roughly parallel sediment-filled trenches found by
Prake et al,.

(1957, 1959) at the foot of the continental
rise north of Cape Hatteras.
MAGNETIC OBSERVATIONS IN THE ECOOE AREA

There have been several published reports of the

magnetic anomalies along the Atlantic shelf of North

Al

America. Among them are Keller et al. (1954), King et al.

(1961), Drake et al. (1963) and Watkins and Geddes (1965).
Drake et al. have correlated anomalies continuously over
many tens of kilometers. They are represented by a series
of trends (Figure 7) parallel to the edge of the shelf

north of Cape Hatteras with an offset near 40° N. Near
h Cape Hatteras these trends converge.

According to Draln
et al.(1963) "

-..80uth of Cape Fear there is considerable
branching..." of these trends.

One set swings southeast
along the edge of the Blake Plateau and another strikes

southwest into the Florida Peninsula.

The anomaly north
of Cape Hatteras near the shel. edge has been correlated

with a seismically determined ridge in the basement, though

tre anomaly-producing material is thought to be within the
basement.

It is remarked that "basement topography alone
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will not produce the anomalies" and “that material within
the basement may control both magnetic anomalies and the
shape of the basement" (Drake et al., 1963). South of
Cape Hatteras no such correlation has been possible due
to sparsity of seismic data.

Tre ECOOE data between Cape Hatteras and Cape Fear
indicate little relief on the basement surface. The
strong anomalies shown by Drake et al. in this area are
therefore not due to structure on the top of the basement
but probably result from structure within the basement
as suggested for the anomalies north of Cape Hatteras by

King et al. and Drake et al.

SHOT LOCATIONS: NORTHERN PROFILES

In previous experiments of this ser.es (Lake
Superior 1963 (Steinhart, 1964) and the Gulf of Maine
(Steinhart et al., 1964) ,shot locations were determined on the
basis of direct water arrivais at a set of fixed hydrophone
stations along the shore. This technique works well as
long as the hydrophone stations are more or less evenly
distributed in azimuth about the shot point.

For the Eist Coast Experiment this was not possible,

since all of the possible stations were at one end of the

Il
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i line, and thus small errors in arrival time or water velocity
would create large errors in position. As a result of this
and cther logistical factors, it was decided to rely mainly
on LORAN C navigation for the determination of shot locations,
with off-line buoys as a backup for, and check qf, the

LORAN C navigation. Estimates of the accuracy of location

of LORAN C, calculated from the accuracy with which readings
can be mada under laboratory conditions and the geometry of
the system, are in general of the order of 15 to 20 meters.
It was thought that a real field accuracy of about 100 meters
could be achieved at sea, but it was anticipated that the
accuracy of locatior would be somewhat less near tihe baseline

extension, i.e. for the close-in shots on the northern profile.

i,

We felt, however, that provided the readings in this region
were made with great care, locations would be accurate te 300
meters, the accuracy deemed necessary for the purposes of
the experiuent.

Navigation during the course of the shooting was
based on the use of transparent overlays of thez LORAN C

hyperbolas constructed from the LORAN C tables (LORAN-C

Hi

{ Table Pair S. X and LORAN-C Table Pair SO-Y, Publication

No. 221, U. S. Naval Oceanographic Office, 1964). Shortly

e
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after the experiment a preliminary list of locations made
using these overlays was issued for use by participants
(southern profile, July 28, 1965, and northern profile,
August 2, 1965). A revised list, for which graphical or
numerical interpolation from the LORAN C tables was used,
was issued later (Septzmber 7, 1965).

It was thougnt that these locations might be modified
by tenths of minutes when the data were run through a
computer program. However, when we began to work up the
data from the buoys anchored on the NN profile, it became
apparent that there were serious discrepancies between the
distances inferred from the water wave arrival times and
those calculated from the LORAN C positions. 1In order to
make these two sets of distances compatible for shots 303
through 320, it was necessary to use a water velocity
corresponding to a temperature well below OOC.

Up to this stage we had been using water wave data
from SCAS buoys only. Dr. R. P. Meyer kindly sent us
preliminary readings from the University of Wisconsin buoys,
and these data confirmed independently the conclusions
reached on the basis of the SCAS buoy data. It was known

that the temperature of the deep water on the shelf (depth

S
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of water less than 200 meters) was not less than 8°c, while

the surface water temperature measured by the buoy tending
ship was about 23°c. This range of temperature
corresponds to water wave velocities between 1.480 and 1.530
km/sec. The LORAN C data suggested that the velocity should
be 1.450 km/sec. Thus we began to look for possible
systematic errors in the LORAN C pcsitions.

For the NN profile an appreciable portion of the
path from the Cape Fear LORAN C station lay over land.
It had been shown by Johler 2t al. (1956) that a phase
delay is produced by transmission over a medium of low
conductivity. It was thought probable that the phase delay
due to the overland path from Cape Fear was responsible f-=r
the discrepancies between the LORAN C and water wave data.
Corrections for the ovec 1id portion of the path from the
Cape Fear station (for the other stations the overland
path was relatively short) were made on the basis of the
Johler curves (Figures 2 and 3 in Johler et al., 1956) for land
(conductivity 0.05 mho/cm) and sea water (conductivity 5.0
mho/cm). The corrections amounted to 2.2 U sec in the S0O-X
reading at the inshore end of the lire and about 1l sec at

the shelf edge. These corrections were in the right serse
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to remove the inconsistency & tween the water wave times
and the LORAN C Jistances.

These corrections were applied to all readings for
vhe northern profile and new positions calculated by the
Navy Oceanographic Office. At the same time the Oceanographic
Office computed locations based on their own LORAN C
correction charts (7J. S. Naval Oceanographic Office LORAN C
secondary Phase Correction Charts 16707-CC-3a and -3b).

The results of these corrections for shots 303 to 308 are
shown in Figures 8 and 9.

The shot locations based on our empirical correction
(using the Johler curves) were subsequently modified
slightly to include a small SO-Y correction scaled from
that given by the Oceanographic Office. As can be seen
from the portion of the LORAN C grid reproduced on Figure 9,
any error resulting from phase delay or reading error is
from 10 to 12 times greater for the SO-X coordinate than for
SO-Y. This is, of course, a consequence of our operating
near the baseline extension of the SO-X pair of LORAN C
stations.

It follows that the errors in the SO-Y coordinate

lines would be at most 0.1 km and that the shot position
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lies along the line joining the three locations, (a) no
correction for phase delay, (b) Navy correction, and
(c) scas-Johler correction, which is 4 km long for shot
303. (Figure 8 and 9).

Two sets of data are available to reduce this
uncertainty in shot location. The largest set of data is
that of the water arrival times from the SCAS and Universitcy
of Wisconsin anchored buoys, to which reference has already
been made. Unfortunately, this set fixes only the
positions of the shots relative to one another and not the
positions relative to land, for the buoys were placed
using LORAN A navigation, and it was found thét, although
anchored, the positions determined from LORAN A varied by
several kilometers from one servicing to the next. As
will be shown below, the consistency of the water wave
data shows that the buoys did not drift more than a few
hundred meters, which is akout the length of the anchor
line and hydrophone cables, with the exception of one which
was apparently run down by a ship and cut loose from its
anchor between shots 308 and 30¢.

In some cases the shooting ship observed the buoys

by radar, and thus the buoys can be located approximitely
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from the LORAN C pusiticn of the ship at the time of sighting

and the radar range and bearing. Errors in the radar

R A EH M ISR s

range observations appeared to be aknut 10%, and
these observations have been used principally to determine
on which side of the shotline the buoys lay.

The second set of data, alchough smaller, is important

fehy

in that it pcovided a means of location relative to land.
For the shots fired the first night (303 - 308 at sea;

603 - 604 in Chesapeake Bay) the SCAS land stations located
on the Delaware Peninsula observed a low-frequency signal
(2 - 3 cps) which arrived very much later than any ordinary
surface wave. The apparent velocity across the stations

and arrays was between 0.330 and 0.350 km/sec with the

higher velocities coming from the sea and the lower ones
from the Chesapeake shots. On the second night similar
arrivals were observed for the Chesapeake shots (607 - 608},
but not from the sea even though the first three sea shots
(309 - 311) overlapped the first night's shooting. On this

night the apparent velocities from the Chesapeake shots

SGHMIE R, AR S LRI RBR s

were at the high end of the range in contrast with lower-

} than-average velocities on the first night.
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A reasonable explanation for these arrivals is that
they were air waves with a wind vector toward land on the
first night and toward the sea on the second. Travel ‘
times wer-< plotted against distance for these arrivals
uzing the corrected LORAN C positicn and two hypothetical
shot points lying on the SO-Y line, 2 km inshore and 2 km
offshore of the corrected LORAN C position. From these
plots least-square determinations of velocity ara intercept
were made, and the velocity corresponding ‘o zero intercept
was determined by interpolation. It shzuld be noted that
the velocity of 0.3505 km/sec so determined is an average
for the whole path.
This air wave velocity could be checked by two
methods; first by determining an air wave velocicy over the
three-station array: Withams, Silva and Chincoteague. The
velocity so found ranged betwzen 0.3437 and 0.3521. 1In most
of the determinations the v:locities are somewhat smalicr
than that found from the least-squares solution, but,
of course, refer only to the landward end of the vath.
The difference can be interpreted in terms of cooler night
temperatures over the land, or in terms of an onshore wind )

at low altitude. The Jlatter alternative seems more likely,
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for it also provides a means of bringing the ‘sound wave
back to the surface. The meteorological data from Wallops
Island station at 0515 on July 7 support this coaclusion.
Hcever, the coverage of the sea portion of the path is
not adequate for this to be regarded as conclusive.

A second check was made using the Chesapeake chots,
the locations of which were more accurately known than
of tho.2 at sea, to obtain a wind velocity along the
shooting line. Using this wind velocity we determined
the sonic velocitv relative to the surface from the sea
shots to the recording stat.ons. 7This approach was aided
by a very good set of air wave records from shct 604
(fired only a half hour before 303) at the Withams station
and the fortunate positioning of the Withams array very
near the shot line. It was hindered by the lack of air
temperature data to determine sound velo~ity in st&ll air.
The velocity determined between shot peint and station
was 0.340 km/scc with an assumed zero intercept.. This was
confirmed by the velocity across the array. The still-air
velocity was in the range of 0.345 to 0.347 km/sec based

on temperature estimates on the peninsula of 75° * 2.5°F,

LIRS IIR RN R MRS

pranaey

gl

Pt sesr-bebaebtibenage

o




M e

[y ,%M«w

ORI TP B

4d

kil

-23-

indicating that the wind vector along the shot line was
from the sea at 0.005 -~ 0.007 km/sec. This would
give a sonic velocity range of 0.350 to 0.354 km/sec from
sho' s 303 - 308 to the recording station which brackets
the velocity of 0.3505 obtained by least-squares. Although
the uncertiinty of the air temperature limits the usefulness
of this check, it does show that the error of the least-
squares velocity of 0.3505 km/sec is at worst ¥ 0.005 km/sec
and probably less than 0.002 - 0.003 km/sec. Thus for
shot 303 with a travel time of about 100 seconds, the
positioning error should be considerably less than 0.5 km.
The air velocity interpolated from the least-squares
solution was used with the observed travel times to
determine locations for shots 3(¢3 to 308 on the SO-Y lines,
and these shot positions were then used with water wave
travel times to locate the inshore buoy 2329. The process
is illustrated in Figure 8. 1Insofar as accuracy is
concerned it may be noted that if a velocity of 0.346 km/sec
(still air velocity under conditions prevailing at time
of shots) had been used, the whole line would be moved
inshore by at most 0.45 km. The least-squares solution

is, however, more accurate than this, for it rests upon
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travel Limes over the whole path, whereas the other
velocities of 0.3 km/sec were cdetermined from diffcrences
in travel time over the landward end of the paths.

Using the above derived sound velocity, the observed
travel times, and the corrected SO-Y line, shot positions
were determined for shots 303 - 308. These best air wave
shot positions were then used t¢ locate buoy 2329.

The water velocity below the thermocline was found
usingy bathythermograph data observed along 37°lO'N for
depthe down to 35 meters on June 28, 1965, and July 27,

1965, by Mr. J. J. Norcross and Mr. M. M. Nichols of the Virginia
Institute of Marine Science (personal communication, 1966). These
data give a temperature below 20 meters of g° ¢ 2°C from which

a water velocity of 1.482 km/sec was derived.

This velocity of 1.482 km/sec and the observed water
wave travel times at buoy 2329 were then used to determine
the distances to each of the shots. These distances in
conjunction with the corrected SO-Y line were then used to
find "best fitting" buoy locations for buoys 2330, 1332,

1333, 1334, 2335 and 1336. Once these "best" buoy lccations
had been determined, they were used, again in conjunction

with the corrected SO-Y line and travel time data, to
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locate all of the shots. The locations so determined for
shots 303 - 320 are given in Table III and illustrated in
Figure 9.

As a check of the entire procedure, an air velocity
was calculated using the shot positions found from the
water wave arrival time data. This differed only slightly
(approximately 0.003 km/sec) trom the velocity used to
calculate the position of buoy 2329. This indicates that
a sma.. error (0.2 km) may exist in the absolute location
of shots 303 - 320 with respect to land. An error of this
magnitude is not significant from the point of view of the
seismic interpretation.

Reiation between the final locations and corrected LORAN C

observations

The final shot positions as determined by the techniques

described above lay between the Navy corrected LORAN C
positions and the SCAS corrected LORAN C positions with the
shots closest to shore showing the most deviation from the
Navy position. As the shelf edge is approached (saots 315,
316 and 320) the position determined by water wave times
and the Navy corrected LORAN C positions agree very well.

Thus we have the Navy corrected LORAN 7 positions for all
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shots after 320 inciuding those on the NP line for which
LORAN C observations are available. Those shots on the NP
line for which no LOPAN C positions were deternrined have
much larger errors and have been individually discussed

in the notes to the shot location table (Table III). The
final locations of the northern profile shots are given in

Table III and plotted in Figure 11.

SHOT LOCATIONS: SOUTHERN PROFILES
Apparently none of the above mentioned problems
existed for the southern profiles, for here the Navy
corrections are small and the SO-X and SO-Y grids are more
comparable in overall dimensions. Water wave data along
line segments up to 50 km long support this conclusion.
The shot locations for the southern profiles are listed

in Table III and plotted in Figure 10.

THE TRAVEL TIMES
We present in Table V first arrival times for all
stations both on land and sea. In some cases later arrival
times are given. 1In these tables the observations on the

southern profiles are given first, the subgrouping being

A
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by station number and thus by organization responsible
The observations on the northern profiles

for the readings.

follow.

THE RESULTS

The individual participants in the experiment are
and interpretations will be

analyzing their own data,
to give

presented in a series of papers. For the present,

a broad view of the travel time information, we present first
Figure

arrival times for the land stations in four figures.

12 shows all SN first arrivals from O to 180 ..m in a reduced

travel time plot, the reduction velocity being 6 km/sec.
Figure 13 presents all SN first arrival information as
the reduction velocity being 8 km/sec.

reduced travel times,
Figures 14 and 15 present similar information for the NN

profile.
For the southern profile we have fitted straight lines

by least squares (a) to the first arrival data from 10 to

140 km and (b) to the firs:t arrival data beyond 180 km.

Assuming a sedimentary velocity of 1.7 km/sec, we find the

should only

This, of course,

structure given in Table VI.
The

be regarded as an average structure for the area.
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individual analyses may show quite considerable local
deviations from it.

For the northerr profiles we have chosen to divide
the first arrivals into three groups. The least squares

analyses yield

T = D/5.78 + 1.45 (15 - 80 km)
T = D/6.34 + 2.65 (90 - 150 km)
T = D/7.97 + 6.60 (150 - 525 km)

For the third equation we have used only those points lying
inside the block shown on Figure 15. These are arrivals
from shelf shots with unly a few exceptions. Clearly there
are many other arrivals outside the block, most of which
represent arrivals from deep water shots. In general the
arrivals at distances greater than 500 km appear to be late
by about two seconds with respect to the third equation.

For the structure given in Table VI we assumed that
sediments with average velocity 2.1 km/sec overlay the layer
with velocity 5.78. The data at sea suggest that the
sediments on the shelf are thicker. The value given in the
table is of course a mean value for the two ends of the path.
The structure is to be regarded as i:0 more than a broad

average structure for the area.
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FIGURE CAPTIONS

Location of shot points and recording stacions.
Temporary stations (those which moved

frequently duriny the shooting program) are
not shown.

Location of previcus seismic work in the vicinity
of the ECOOE northern profiles, after Drake et al.
(1959).

Structure section for the Cape May profile
shown in Figure 2.

Profiles by Hersey et al. (1959) in the vicinity
of the ECOOE southern profiles.

Structure section from profiles shown in Figure 4.

Structure section from Katz and Ewing (1956). Profile
extends approximately along ECOOE NN profile.

Magnetic anomalies in the ECOOE area, after Drake
et al. (1963). Width of line indicates amplitude
of anomaly.

Location of shots 303 ~ 308 by means of air wave
arrivals at land stations.

Location of shots 303 - 320 from water waves at
buoy stations.

Shot locations, scuthern profiles.
Shot locations, northern profiles.

Reduced travel time plot of SN profile with
reduct.ion velocity of 6 km/sec.

Reducec: travel time plot of SN profile with
reduction velocity of 8 km/sec.

Reduced travel time plot of NN profile with
reduction velocity of 6 km/sec.

Reduced travel time plot of NN profile with
reduction velocity of 8 km/sec.
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TARLE 1
KECORDING STATJONS ON LAND

STATTON LATITUOE LONGITUDE OCCUrIED OPERATOR
NO NAME  DEG MIN DEG MIN FROM TO

1101 TIGKR 34 3431 7T 62,49 0612 0702 WISCUNSIN
1102 GAMMA 36 39,19 77 52.75 06.2 0702 WISCONSIN
1103 nuikL Y4 49.84 78 12.42 0612 0702 WISCONSIN
1104 CHARLY 36 92,25 78 23.24 0612 0702 WISCUNSIN
t10% VIGECR 18 03.36 75 28.94 0706 N719 WISCONSIN
1106 GAMMA 38 00.92 76 00.98 0706 0719 WISCONSIN
1107 HUTEL 38 08.65 76 20.45 0706 07.9 WISCONSIN
1108 CHARLY 38 33,53 77 064.78 0706 0719 WISCONSIN
2100 HLR-8BE 36 34,71 77 )2.49 0612 0702 SCAS(GRC)
210% HLR=3F 3% 34.9° 77 33,05 0612 0702 SCAS(GRC)
2120 SRFCTY 34 25,648 77 32.83 0620 0629 SCAS(GRC)
2130 SNOFRD 34 31.01 77 23.17 0623 0628 SCAS(GRC)
2150 SLVAGE 37 59.40 75 26.41 0706 0719 SCAS(GRC)
2160 WTHM&GF 37 57.86 75 3%.80 0706 0719 SCAS(GRC)
2167 WTHMGN 37 58,10 !5 36.71 0706 0719 SCAS(GRC)
2170 CHTGUE 37 55.79 75 22.02 0706 0719 SCAS(GRC)
2180 SHWLFLS 39 30.16 79 24,62 0707 0715 SCAS(GRC)
3001 BRAGG 315 08.48 79 06.34 0619 0702 TULSA
3002 PLATA 38 34.33 76 53.76 0706 0714 TULSA
3101 GEUTEC 135 29.11 79 48.17 0612 0702 GA TECH
3101 SHELL 35 29.11 79 48.17 0612 0702 GA TECH
31b2 GEUTEC 38 40.00 77 23,92 0706 0714 GA TECH
3102 SHELL 48 40,00 77 23.92 0706 0719 GA TECH
3103 GEUTEC 35 53.62 75 %5.41 0715 0719 GA TECH
3203 PSU 38 14.06 76 26.34 0706 0719 PENN STATE
3301 PUTTLR 36 57.67 77 43.83 0619 0629 MICHIGAN
3302 AVENIN 36 09.33 78 O0l.75 0619 0626 MICHIGAN
3303 MUROCK 36 52.30 78 40.33 0619 0621 MICHIGAN
3350 BWATER 38 26.38 76 07.00 0706 0719 MICHIGAN
3351 TAYLUR 39 13,75 77 34.67 2706 0719 KICHIGAN
3352 BURNBR 39 26.83 99 #3.92 0706 0712 MICHIGAN
4102 UPSTRY 38 12.85 76 59.40 0629 0630 CARNEGIE
4104 UPSTRT 37 52.92 77 1.13 OT17 0718 CARNEGIE
4106 UPSTRT 37 59.21 76 46.72 0628 0629 CARNEGIE
4106 UPSTRT 137 59.21 76 46.72 0717 0713 CARNEGIE
4108 UPITRT 37 S52.22 76 16,22 0718 0719 CARNEGIE
4110 UPSTRT 37 30.97 77 4&.44 0627 0628 CARNEGIE
4112 UPSTRT 37 28.95 76 42.88 0716 071~ CARNEGIE
4114 UPSTRT 37 26.12 76 27.97 0716 0717 CARNEGIE
4116 UPSTRT 37 9.98 77 17.60 0620 0521 CARNEGIE
4118 UPSTRT 37 T.31 76 47.02 0713 0714 CAANCGIE
4122 UPSTRT 36 51.08 77 37.30 0706 0707 CARNEGIE
4124 UPSTRT 36 4T7.46 77 12.97 0621 0622 ZLARNEGIE
4124 UPSTRY 36 47.40 T7* 12.98 0706 0707 CARNEGIE
4126 UPSTRT 36 46.37 176 48,15 0710 0713 CARNEGIE
4128 UPSTRT 36 44.49 76 21.99 0711 0712 CARNEGIE
4132 UPSTRT 36 31.19 77 38.53 0707 0708 CARNEGIE
4134 UPSTRT 36 30.70 77 16,72 0707 0708 CARNEGIE
4136 UPSTRT 36 28.01 76 53.77 0710 0711 CARNEGIE
4138 UPSTRYT 36 23.82 176 33.47 0625 0626 CARMEGIE
4140 UPSTRT 36 2l.l11 76 .28 0623 0624 CARNEGIE
4142 UPSTRT 36 l1.67 75 52.88 0624 0625 CARNEGIE
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STATIUN
NO  NAME
4202 ULy
4204 ZULU
4204  ZULU
4206 ULV
4208 lULV
4210 ULy
4212  luLv
4216 XECKS
4218  uLv
4220 XECKS
4222 uLy
4222 ULV
4224 ULV
4226 XECKS
4228 XECKS
4232 XECKS
4236  lULY
4236 ULy
4238 luLv
4240  ZULV
4242 ULV
4246 ULV
4248  IULVU
4250 ULV
4302  YUKF
4302  YUKE
4304 TASMAN
4304 TASMAN
4308  YOKE
4310  YOKE
4312  YOKE
4312  YOKE
4314  YOKF
4316  YOKE
4316  YOKE
4320  YOKE
4320  YOKE
4322  YOKE
4326  YUKE
4326  YOKE
4326  YUKE
4328  YUKE
4330  YUKE
4332  YOKE
4332  YUKE
4334  YOKE
4340  YOKE
4342  YOKE
4344  YOKE
4348  YOKE
4402 VIKGNA
4402 VIRGNA
4404 VIRGNA
4406 VIAGNA
4408 STIMES
4408  SUVA
4410 VIRGNA
4414 VIRGNA

LATITUDE

DEG

36
1.3
jo
b1
36
35
35
15
35
35
35
35
35
35
35
35
35
35
35
3%
35
35
35
35
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
35
36
36
j6
36
36
35
35
35

MIN

5.95

T.96

T.96

3.01
10.29
59.21
57.40
50.8%
48.30
47.50
43.16
43.16
%0.98
33.25
42033
25.10
24.65
25.30
22.93
20.T4
28.66

€.52

1.59

0.98
©2.49
42.49
40.90
40.90
34.35
38.66
37.66
37.66
35.177
36.14
36.14
19.90
22.53
19.80
13.86
12.51
12.51
16.96
11.81
14.03
14.03
14.63
58.1¢
56.61
55.44
56.15
%%.23
44.23
40.92
4l.45
45.13
45.13
37.52
24451

-38.-
LUNGITUDE

OEG

&)
17
1
76
716
16
15
”8
17
17
17
17
16
76
75
78
17
17
17

MIN

36.B6
20445
20.45
55.52
37.99
9.25
48.50
6.69
43.10
20.10
l1.71
l.71
32.76
15.35
46.08
10.50
48.29
24.31
6.217
38.20
29.66
26092
4.01
48.89
52.08
52.08
21.20
27.20
36.75
16.96
46.00
46.00
3l.64
6.60
6.60
57.30
53.27
30.67
8.23
46.0%
46.05
18.79
56.90
33.17
33.17
12.29
11.22
52.91
26,06
36.98
S ed3
956.23
3).54
T.317
43.90
4©3.90
20425
58.21

OCCuPltD

FROM

0706
0629
0706
0710
0710
0625
0627
0621
ne2l
0624
0624
0707
0711
0625
0627
0623
0623
o718
0707
o717
0711
0716
0716
0717
0611
0621
0612
0627
0625
0624
0627
o117
o717
0628
c718
0628
0706
0707
0707
0624
0710
0716
0627
0629
0718
0711
0622
0623
o713
0712
0615
o716
0627
0628
0706
0612
0620
0629

Tu

07107
06130
or07
Q711
0713
C 26
0628
0622
0622
0625
0625
0708
0714
0626
0628
0624
0624
0719
0708
0718
0712
or17
0717
o718
0612
0622
0613
0628
0626
0626
0628
0718
0718
0629
07.9
0629
o107
0708
0708
0625
0711
o717
0628
0630
o719
G712
0624
0624
0714
0713
0619
oriz
0628
0629
o107
0719
0621
0630

OPERATOR

CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNLEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
AFTAC

CARNEGIE
CARNEGIE
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STATIuUAN LATITUDE LONGITUOE OCCUPIED OPERATOR
NGO NAME DEG MIN DEG MIN FROM YO

4414 VIRGNA 37 24,51 79 53.21 0716 0617 CARNEGIE
416 VIHGNA 37 24,86 79 37,49 OT10 0712 CARNEGIE
4418 VIRGNA 37 20.33 79 13,26 0619 0620 CARNEGIE

i 4418 VIRGNA 37 20.33 79 13.26 0712 0713 CARNEGIE
4420 VIRAGNA 37 18.28 78 51.0% 0611 0512 CARNEGIE
4420 VIRGNA 37 18.28 73 51.0%5 0619 0620 CARNEGIE
4420 VIRGNA 37 18.28 78 51.0% 0707 0708 CARNESIE
€422 VIRGNA 37 Li.18 78 20.77 0707 0708 CARNEGIE
4422 VIRGNA 37 11.18 78 20.77 O718 OT}19 CARNESIE
4424 VIRGNA 37 13.43 77 56.21 0621 0622 CARNEGIE
4428 WAYOUT 37 2,66 80 25.22 0628 0629 CARNEGIE
4430 VIRGNA 37 2.00 80 1.68 O7L7 0718 CARNEGIE
4432 VIRGNA 36 59.80 79 39,16 0612 0613 CARNEGIE
4432 VIRGNA 36 59.80 79 39.16 0718 0719 CARNEGIE
4434 VIRGNA 36 %6.64 T9 15413 0713 0714 CARNEGIE
4436 VIAGNA 36 57.80 78 50.02 0623 0624 CARNEGIE
4438 VIRGNA 36 54.26 78 25.10 0706 OTOT CARNEGIE
4440 VIRGNA 36 52.96 T7 59.29 0706 0707 CARNEGIE
4502 FNWV 38 32.97 79 30.78 0612 0719 AFVAC
4506 WAYDUT 38 42.98 78 34.87 OT16 OT1T CARNEGIE
4508 TASMAN 38 39.22 78 8.95 OTLT 0718 CARNEGIE
) 4510 STIMES 38 40.58 77 43,26 0712 0713 CARNEGILE
3 &512 WAYOUT 38 24.27 79 32.48 0712 0713 CARNEGIE
- 4514 WAYOUT 38 22.67 79 6.64 0706 0707 CARNEGIE
4516 WAYOUT 38 24.18 78 43.72 O717 0718 CARNEGIE
4518 WAYOUT 38 25.65 78 8.01 0718 0719 CARNEGIE
4520 XECKS 38 16.98 T7 46.39 0716 OTLIT CARNEGIE
4522 TASMAN 38 19.32 77 23.05 0706 0707 CARNEGIE
4526 WAYDUT 38 6.67 729 31.05 OT10 0712 CARNEGIE
4528 WAYOUT 38 3.66 179 10.16 0706 0707 CARNECIE
4530 WAYOUT 38 T.67 78 41.28 0OT07 0708 CARNEGIE
4532 WAYOUT 37 58.08 78 20.11 O707 0708 CARNEGIE
45364 TASMAN 37 56.80 77 49.90 OT11 0712 CARNEGIE
4536 TASMAN 37 49.10 77 26.40 O710 OTiL CARNEGIE
§ 4536 TASMAN 37 49.10 77 26.40 O713 0714 CARNEGIE
R 4538 TASMAN 37 30.22 77 56.35 0707 0708 CARNEGIE

4542 TASMAN 37 21.40 77 35.40 0712 0713 CARNEGIE
4544 TASMAN 37 49.21 77 30.80 0713 0714 CARNEGIE
4602 TASMAN 37 56.50 83 13.10 0615 0616 CARNEGIE
4618 TASMAN 37 12.40 83 20.70 0619 0620 CARNEGIE
4624 TASMAN 37 6.25 82 1.20 0621 0622 CARNEGIE
4626 TASMAN 37 10.70 81 34.40 0623 0624 CARNEGIE
4628 TASMAN 37 4.90 81 11.80 0624 0626 CARNEGIE
4628 TASMAN 37 4.90 61 L11.8G 0629 0630 CARNEGIE
4630 YUKE 37 2.60 82 54.18 0619 0620 CARNEGIE
40632 YOKE 36 49.22 82 26.85 0620 0621 CARNEGIE
4636 TASMAN 36 46.85 81 36.90 0612 0616 CARNEGIE
4646 TASMAN 37 0.l146 81 2l1.¢ 0629 0630 CARNEGIE
4650 CGVvA 36 37.58 83 15.60 0612 0719 AFTAC
4704 WAYOQUT 38 35.70 81 S57.27 0615 0616 CARNEGIE
4706 WAYOQUT 38 6.78 B0 16.22 0627 0628 CARNEGIE
4706 XeCXS 38 6.78 HO 16.22 OT06 G707 CARNEGIE
4710 WAYOUT 38 8.20 8681 3.80 0625 0626 CARNEGIE
4720 WAYDUT 37 44.20 80 21.50 O0¢&ll 0612 CARNEGIE
i 4720 WAYOUT 37 44.20 80 21.50 0619 0620 CARNEGIE
’ 4720 WAYOUT 37 44.20 80 21.50 0706 0707 CARNEGIE
4722 WAYOUT 37 50.48 80 42.2¢ 0627 0628 CARNEGIE
4724 BLWY 37 47.93 81 13.60 0612 0719 AFTAC




STATION
NO NAME
4728 WAYOUT
4734 WAYUUT
4734 WAYBUT
4736 WAYQUT
4738 WAYQUT
4742 WAYOUT
4742 WAYOUT
4812 STIMES
4820 ZuLv
4822 STIMES
4824 STIMES
4832 XECKS
4834 XECKS
4840 XECKS
4842 XECKS
4906 GS129
4918 GS129
4924 BRPA
4928 GsSl12%
4932 GS134
4934 GS5129
4936 G513«
4938 WAYOUT
4940 GS129
4946 GS152
5002 GSL29
5010 GSll4
5028 G3114
5038 GS5114
5040 GS130
5046 GS1)4
5046 GSll4
5048 65130
5052 GS108
5054 GS144
5056 CLFARM
5056 CLFARM
5058 GS108
5066 ODELTA
5122 STIMES
5130 STIMES
5202 DELTA
5202 OELTA
5202 DELTA
5202 DELTA
5202 >TIMES
5204 STIMES
5208 STIMES
5210 STIMES
5216 STIMES
5220 ODELTA
%302 OHNY
59304 cpo
6001 HOTEL
6002 INDIA
6003 JULIET
6004 KILO
6005 LIMA
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LATITUDE LONGITUDE
DEG MIN DEG MIN
37 50.54 81 56.28
37 26.24 80 47.18
37 26.24 80 47.18
37 25.83 81 6.05
37 27.78 81 32.34
37 8.58 80 47.90
37 8.58 80 47.90
39 27.96 79 52.18
39 9.83 80 17.85
39 9.71 79 49.37
39 5,71 79 26.50
318 48.90 80 17.10
38 48.00 79 52.50
38 26.00 B0 20.60
38 26.18 79 54.43
40 31.30 78 49.10
40 9.35 178 23.92
39 55.45 78 50.68
39 42,92 78 1.37
39 27.10 78 56463
39 24.08 78 31.73
39 23.55 78 5.68
39 4.80 79 2.22
39 3.69 78 34.94
19 12.45 78 13.00
40 59.07 78 22.10
40 40.4% 76 36.93
40 15.77 76 16.79
40 0.84 17 8.74
40 7.24 76 55.70
39 42,38 77 39.89
39 42.38 77 39.89
39 39.85 77 11.83
39 33,37 76 24.23
39 21.35 77 38.33
39 18.32 77 22.56
39 18.32 77 22.56
39 12,90 76 50.05
3C 16449 77 9.18
38 27.73 75 38.5¢4
37 58.36 75 35.04
39 2.25 17 5-17
39 74,25 17 9.17
39 7.25 11 9.17
39 7.25 17 9.17
39 7.25 11 9.17
38 58.8B7 77 21.77
33 45.52 T6 464.85
38 22.08 74 28.00
18 51,95 77 41.20
39 4,38 17 8.57
42 14.65 T4 53.30
35 35,68 85 34.22
35 58.28 81 36.41
36 08.23 62 21.13
36 25.15 82 57.15
36 37.95 83 51.61
36 31,27 77 42.11

OCCUPIED
FROM TO

0623 0624
0612 0613
0619 0620
0622 0623
0621 0622
0620 0621
0629 0630
07171 0718
0619 0620
0716 07117
0718 0719
0712 0713
0711 0712
0707 07108
0710 0711
0713 0714
0717 o718
0612 0719
0718 0719
0707 0708
0707 o708
0706 0707
0713 0714
0706 0707
0706 0707
0716 0717
0712 0713
0716 0717
0717 0718
0716 0717
Q706 0707
0718 0719
0717 0719
0706 0707
0706 070~
0619 063V
0706 C719
0707 0708
0718 0719
0628 0629
0627 0628
0619 0620
0710 0712
0713 0714
0716 0717
0711 0712
0707 0708
0713 0714
0629 0630
0620 0621
0711 0714
0612 0719
0612 9719
0624 0628
0624 0628
0624 0628
0624 0628
0624 0628

OPERATOR

CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CAKNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
AFTAC

CARNEGIC
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
R RO N

- ulu\l-ulE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
CARNEGIE
AFTAC
AFTAC
USGS
UsSGS
USGS
USGS
USGS

]
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STATION LAVITUDE LUNGITUDE (OCCUPIED OPERATOR

NO NAMt DEG MIN DEG MIN FRUM TO

60U06 PAPA Jb 55420 84 25.32 0624 0628 USGS
6007 QUEBLC 364 53.50 78 23.73 0624 0628 USGS

6008 ROUMLU 35 08.04 79 14.43 0624 0628 USGS

6009 SItRRA 3% 22.08 B0 0C.06 0624 0628 USGS

6010 TANGU 3% 41.36 B0 44.38 0624 0626 USGS
*0011 KINGSE 38 03.72 715 40.84 0706 0719 USGS
$6016 KINGSW 38 04.32 79 42.25 Q106 Q719 USGS
6031 MORGAE 38 21.89 76 39.02 07066 0714 USGS
$6036 MUORGAW 38 22.43 76 40.31 0706 0714 USGS
#0041 NEWMAE 38 26.59 70 48.03 0706 0713 USGS
*6046 NEWMAW ?4 27.18 76 49.11 0706 0713 USGS
$605%1 NEWTOUL 38 29.% 76 S6.64 (706 QTU8 USGS
o051 DENISE 38 27.%2 16 52.72 071t 0119 USGS
0056 NEWTUW 38 29.9% 7o S8.08 0706 0708 USGS
#6056 DENTSHW 38 2B.6b4 76 %3.27 0711 0719 USGS
$6061 ANTIUE 38 51.60 77 41.30 0706 0713 USGS
$6066 ANTIOW 38 %2.24 77 42.81 0706 2713 USGS
$6071 ZULLAE 38 4,17 77 47.53 0706 0714 USGS
*6076 IULLAN 38 54.59 77 49.11 0706 0714 USGS
$6081 UPPERF 38 ST.66 77 54.65 0706 0714 USGS
+6086 UPPEAW 38 58.50 T7 55.77 0706 0714 USGS
$6091 FAWCLE 39 O7.85 78 1H.19 0706 0712 USGLHS
*6091 FAWCEE 39 07.98 78 18.18 0712 0719 USGS
$6096 FAWCLW 39 (08.82 78 18.69 0706 0712 USGS
+6096 FAWCEW 39 08.82 78 18.69 0712 0719 USGS
$6101 DELRA+ 39 12.98 18 3%.19 0706 0714 USGS
*6106 DELRAW 39 13.54 78 36.%2 0706 714 USGS
s6111 RUMNELE 39 17.05 178 5l.27 0706 0719 USGS
$6116 ROMNEW 39 18.3% 78 51.61 0706 0719 USGS
¢6121 CEDARN 34 56.31 76 20.76 0716 0719 USGS
86126 CEDARS 34 56.95 76 19.34 0716 0719 USGS

¢ END PUINTS UF ARRAYS. STAIIUN NUMBERS ENDING

IN 2, 3y 4 UR 5 ARE INTERMEDIATE PUOINTS.

0OBSEKRVERS

WISCUNSIN:  UOUN BEDNAREK, BRIAN LtwWlS, JOE LAURENCE,

RODULFOU ANZULEAGA, JERRY MCADUW

SCASIGRC):, A L HALES, ROD GLREENy C E HELSLEY, JOHN

DOWLING, TERRY BACON, DAVID EDMUNDSON, HERB

HOFF, JUk NATION, J B TONEY, LEE BACON, TOM GLADD

TULSA: CHARLES CONLEY, JAMES LAWSON
GA TECH: ERNEST KAARSBERGy H W STRALEY L.,
JOHN HUSTEDR, LEROY DORMAN, JOHN WILBANKS
PENN STATE: BEN HOWELL, RICHARD MERXEL
MICHIGAN: L A LEVERAULY, C F FROLICH, F J TANIS,
R M TURPENING, J N BAUMLER, R A RANDAZIO,
B F HANDy J HCFFMAN, H J BUGAJSKIy D E WILLIS
CARNEGIE: L T ALDRICHs P APARICIO» E T ECKLUND,
R GREEN, P J HART, P A JUHNSON, D E JAMES,
T J SMITH, J S STEINHART, R SUMNER, J P WEBB
USGS: UAVID TAYLOR, CLIFF JONES, JOHN TOMWRY,
GAYLARD MOORE, HARRY LINS, JOHN VAN SCHAACK,
RUBERT RODRIGUEZy M T GRAVESy J J CLAYTON,
G M HUWELL
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STA
NOC

1332«
1333¢
1334¢
L336%
1356¢
1359«
1362
1363
1365
1366
2301
2302
2304
2305
2306
2308
2311
2312
2313
2329¢
2330
2335¢
2342
2343
2346
2350
2353
2367

RECORDING STATIONS AT SEA
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TABLE 11

LATITUDE LONGITUDE

OEG

37
37
37
7
7
36
3
3?7
38
38
33
33
33
34
36
34
34
34
34
37
3

MIN DES
3l.64 74
30.87 74
28.66 T4
38.12 75
00.9% 74
54.45 74
43.0 74
59.0 T4
222 74
29.0 73
26.0 77
29.8 17
S54.4 76
02.6 76
18.3 76
33.8 75
12.5 76
2le1 76
23.9 77
44.60 175
43.1 75
20.92 74
318.9 72
37.2 T2
56¢.3 73
08.6 73
17.6 74
29.2 14

& LOCATION ACCURACY

MIN

43.57
41.63
37.06
00.52
52.18
57.65
27.1
15.8
03.0
56.4
15.0
08.5
38.8
30.0
12.0
54.0
34.0
57.0
03.5
14.60
09.0
29.33
52.8
46.4
25.7
54.8
13.2
36.0

EQUIVALENT TO THAT OF LAND

OPERATOR

WISCONSIN
WISCONSIN
WISCONSIN
WISCONSIN
WISCONSIN
WISCONSIN
WISCONSIN
WISCONSIN
UISCONSIN
WISCONSIN
SCAS{GRC)
SCAS(GRC)
SCAS(GRC)
SCAS{GRC)
SCAS{GRC)
SCAS(GIC)
SCAS{GRC)
SCAS(GRC)
SCAS{GRC)
SCAS{GRC)
SCAS{GRC)
SCAS(GRC)
SCASIGRC)
SCAS{GRC)
SCAS(GRC)
SCASIGRC)
SCAS(GRC)
SCAS(GRC)

STATIONS
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At

Ak

LTS

T

SHOT
NO

102
103
104
105
ivé
107

108l

109
111
113
114
115
116
117
118
119
120
121
122

127

124
125
126
128
132
133
134
135
136
1373
138
139

1404

141
142
143

1447

145
146
147
149
150
151
153
154
156

DATE

0619
o619
0620
0620
0620
0620
0620
0621
c621
0621
0621
0622
0622
G622
0622
0623
0623
0624
0624
0644
0624
0624
0624
0625
0625
0625
0625
0626
0626
0626
N626
0626
0627
0627
0627
0628
0628
0628
0628
0628
0628
0629
0629
0629
0630
0630

CHARGE
L8S

2000
2000
2000
2000
20000
2000
2000
2000
~000
. 100
2060
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
20000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000

-43-

TABLE [I1

SHOTS AT SEA

HOUR SEC LATITUDL LONGITUDE WATER
EeSeTo DEG MIN DEG MIN DEPTH FT
2207 57.92 34 24.08 76 05.52 157
2340 01.87 34 31.42 75 56.36 160
0117 01.49 36 39.07 75 48.84 152
0250 00.93 34 46.37 175 35.09 242
0451 Ol.72 34 54.08 75 29.08 222
2119 59.93 33 32.99 77 03.62 132
2300 00.75 33 25.46 17 12.42 137
0040 02.20 33 17.18 77 21.81 117
0359 59.80 33 Olel4 77 39.10 582
2050 0l.36 33 35.87 177 Ol.20 127
2229 55.51 33 42.77 176 52.06 135
0010 02.69 33 50.46 176 43.32
0150 0l1.83 33 58.47 76 34,47
0330 0l1.65 34 04.92 76 2»5.70
0510 00.41 34 14.22 76 16.37 97
2200 03.72 34 27.64 77 12.81 52
2259 $%9.66 34 25.86 T7 08.29 62
0000 00.72 34 264.42 77 03.77 72
0100 0J.15 34 22.38 77 00.00 82
0200 01.77 34 20.61 16 55.79 a7
0300 00.67 34 18.81 176 “l.26 92
0410 00.97 34 16.99 76 45.2¢ 97
2100 00.97 34 02.78 176 06.7> 1272
0055 00.12 33 51.21 75 35.89 9852
2059 59.717 34 28,26 T7T 164.32 47
2200 00.65 34 26485 77 10.22 57
2300 00.48 34 24.98 77 05.99 67
0000 00.90 34 23.44 177 0l.84 15
0100 00.52 34 21.71 76 57.69 8o
0200 00.82 34 20.10 76 53.53 92
0300 00.76 34 18.49 76 43.24 92
0520 00.70 34 16.89 76 45.17 95
2100 00.71 34 14.67 76 40.23 98
22G0 00.46 34 13.43 76 3la17 102
2300 0C.42 34 11.97 76 3.4 102
0000 0V.57 34 10.64 Te 28.91 107
0100 01.40 34 08.98 76 24.917 112
0200 00.86 34 07.69 176 20.50 132
0300 0Ol1.21 34 06.22 76 16.60 162
0520 00.87 34 04.40 76 14459 337
2310 00.39 33 35.56 74 55.72 12000
0040 00.88 33 31.08 74 43.75 12900
0230 00.67 33 26.53 74 31.81 13560
2300 00.6¢% 33 53.74 75 45.11 5100
0015 00.68 33 50.22 75 35.14 9660
0815 00.67 33 22.42 74 21.88 14100
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TABLE (11
SHOTS AT SEA

SHOT OATE CHARGE HOUR SEC LATITUDE LONGITUDE WATER

NO LBsS E.SeTe DEG MIN DEG MIN DEPTH FV
303 0706 2000 2300 00.59 37 45.98 75 15.75 695
304 0707 2000 0000 00.39 37 43.59 75 iC.84 12
305 0707 2000 0100 00.56 37 41.85 75 07.07 102
306 0707 2000 0200 00.99 37 39.98 75 02.67 100

307 0707 2000 0300 00.36 37 36.24 T4 58.78 108
308 0707 10000 0430 00.68 37 36.32 74 53.57 108
309 0707 2000 2100 00.41 37 39.60 175 0l.38 102

310 0707 2000 2200 00.42 37 37.37 T4 56.74 95
311 0707 2000 2300 00.56 37 34.91 74 53.27 124
312 0708 2000 0000 00.58 37 33.49 T4 48.07 132
313 0708 2000 0100 00.56 37 31.83 T4 43.79 158

3le 0708 2000 0200 00.37 37 29.48 T4 39.96 187
315 0708 2000 0300 00.50 37 27.85 74 35.89 195
316 0708 10000 0430 00.63 37 25.80 74 31.40 307
320 0711 2000 0240 00.72 37 22.20 74 24.20 1920
322 0711 2000 2115 00.59 36 47.72 173 08.60 10200
323 0711 2000 2300 00.0! 36 41.37 72 57.27 10800
324 0712 2000 0045 00.80 36 36,57 72 44.22 11460
326 0712 L0000 0450 C0.58 36 27.17 72 18.30 12240
327 0712 2000 2300 00.44 36 34,06 T2 38.10 11400
328 0713 2000 0000 00.5% 36 36.70 72 44.45 11400
329 0713 2000 0300 00.36 36 51..1 73 16.63 9690
330 O713 Kk0000 0430 00.68 36 55.06 T3 22.49 9480
331 0713 2000 1800 00.84 36 56.16 T3 27.45 9300
332 0713 2000 1930 00.67 36 56.13 13 28.00 9300
333 0713 2000 2200 00.61 37 02.18 T3 41.586 8700
334 0713 2000 2329 54.07 37 08.33 73 54.89 7200
335 0714 2000 0100 00.43 37 1434 T4 07.42 $400
3366 07164 2000 0200 00.90 37 17.66 74 13.50 4500
337 0714 2000 0300 00.51 37 20,27 T4 20464 3090

338 0716 2000 2120 00.43 37 12.08 74 47.66 11
340 0717 2000 0C30 00.76 36 51.83 T4 59.136 120
3417 0717 2000 0205 0l.26 36 42.05 175 05.14 97
342 0717 2000 0340 00.40 36 31.74 15 11.23 137
343 07L7 10000 0450 00.6%4 36 31.63 75 11.72 120

34648 Q717 10000 2030 00.62 38 03.02 74 12.23 215
3458 0717 2000 2205 00.67 38 13.51 74 08.97 222
346 OFTL7 <2000 2340 00.56 38 24.93 T4 04.78 200
3478 0718 2000 Ol15 00.52 38 31.35 73 55.33 177
3488 0718 2000 0249 59.83 38 42.40 73 48.00 167
349 0718 10000 0450 00.91 38 49.18 73 41.79 175
260 0718 2000 2055 00.66 38 0l.21 74 15.28 205
3538 0719 2000 0140 00.64 37 50.60 74 19.23 262
3548 0719 2000 0315 00.59 37 36.99 74 27.83 137
3858 0719 10000 0450 0l1.60 37 27.11 74 33.63 230
3569 0719 2000* 0920 00.10 37 31.80 75 21.70 54

801100715 0916 08.10 37 11.84 74 21.14
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TABLE IIX

Not»a on Sea Shots

In general rhot times are acrurate to 0.02 sec; loca-

10.

tions -ccurate to +3.2 km relative to land for shots
102-156, +0.> km for shots 303-356. Relacive accuracy
between shots is greater.

LORAN C position not well determined. Limits of
error +2 km., Waterwave information for this shot
inadequate for independent location.

Shot time determined from water wave arrival at near-
by<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>